The kinetics of crossbridge phosphorylation and cellular activation rates in arterial smooth muscle are unknown, and the response rates are usually limited by agonist diffusion rates. In this study, electrical field stimulation (10-20 V AC, 60 Hz) was used to activate strips of swine carotid artery smooth muscle. Pretreatment with 0.5 (iM phenoxybenzamine (PBZ) for 30 minutes significantly inhibited field stimulated stress due to norepinephrine released from adrenergic nerves. Addition of 1-10 mM tetraethylammonium ion (TEA) to PBZ-pretreated tissues allowed direct stimulation of muscle cells and significantly potentiated the response to field stimulation. Activation in field stimulated tissues pretreated with PBZ and TEA was strongly inhibited by the Ca 2+ -channel antagonist verapamil (0.5 /xM for 15 minutes). Activation was rapid with myosin light chain (MLC)-phosphorylation values rising to greater than 50% of total MLC, with a half-time of approximately 1 second. Stress and stiffness development was biphasic and lagged with an estimated half-time for the first phase of 3 seconds. Stress and stiffness continued to slowly rise after 5 seconds of stimulation, while MLC phosphorylation declined significantly between 5 and 10 seconds to a nearly constant value of 35-40% for up to 60 seconds. Unloaded shortening velocity was maximal (0.067 L,,/sec) at the earliest time point examined (0.5 second), prior to significant stress development and at submaximal phosphorylation. Significant decreases in unloaded shortening velocity were observed after 10 seconds. These results show that the kinetics of phosphorylation and dephosphorylation and the rates of activation are very rapid in this arterial smooth muscle. (Circulation Research 1987;60:438-445) 
C a 2+ -stimulated phosphorylation of the 20,000 dalton light chain of myosin appears to be the regulatory process initiating cyclic interactions of the crossbridge with the thin filament in smooth muscle. 1 The responses to many stimuli appear to involve transients in both myoplasmic [Ca 2 " 1 "] 2 " 4 and myosin phosphorylation. 5 " 7 In many smooth muscle preparations, tonic stress maintenance is associated with low levels of phosphorylation and reduced rates of crossbridge cycling and ATP consumption, 18 a state referred to as "latch." 5 Tonic stress depends on precise regulation of Ca 2+ at submicromolar concentrations. 4 -9 The early time course of several functions related to activation must be determined to understand the molecular events involved. These events include changes in myoplasmic [Ca 2+ ], myosin phosphorylation (a reflection of net myosin kinase/phosphatase activity), the kinetics of crossbridge cycling with stress development and series elastic element (SEC) extension, and the transition to a latch state. Unfortunately, this cannot always be done for externally applied agonist-induced responses in vitro because agonist diffusion into the preparation can be rate limiting. 10 Agonist diffusion limitations can be overcome by direct stimulation of electrically excitable smooth muscle tissues," 12 single cells, 1314 or by electrically stimulating the release of endogenous excitatory 1516 or inhibitory neurotransmitters. 17 However, the rates of the processes involved in the activation of many arterial smooth muscle preparations are particularly difficult to evaluate due to sparse and sometimes asymmetrical innervation, the inability of the cells to generate action potentials in response to electrical stimulation, and a relative lack of cell-to-cell communication.
The purposes of the present study were to employ a vascular smooth muscle preparation that could be rapidly activated by direct field stimulation and determine the time course of myosin light chain phosphorylation, stress development, stiffness, and unloaded shortening velocity (V U J. The results show that myosin phosphorylation and induction of high values of V us are rapid events compared to rates of stress and stiffness development. The data further suggest that the development of crossbridge interactions characteristic of the latch state can occur quite rapidly.
Materials and Methods

Tissue Preparation
Swine carotid arteries obtained at slaughter were cleaned and stored at 4°C in physiological salt solution (PSS) for up to 4 days. Strips of medial smooth muscle were prepared 10 with dimensions of approximately 2 mm x 10 mm x 0.3 mm. Calculated cross-sectional areas were 5.49 ± 0.27 x 10" 7 m 2 (n = 7). The strips were mounted in small stainless steel clamps for stress measurements. The lower clamp was attached to a stainless steel rod connected to a micrometer. The upper clamp was attached to a Grass model FT.03C force transducer (Grass Instruments, Quincy, Mass.). Developed force was recorded on a Grass model 7 polygraph. The strips were stretched to approximately 1.05 L o (the optimum length for stress development) and equilibrated for 2 hours at 37°C in oxygenated PSS containing (mM): NaCl 140, KC1 4.7, Na 2 HPO 4 1.2, MgSO 4 1.2, CaCl 2 1.6, morpholinopropanesulfonic acid 2.0 (MOPS, pH 7.4), Na-ethylenediaminetetraacetate (EDTA) 0.02, and J-glucose 5.6. After equilibration the tissue length was adjusted to L o as previously described. 7 PSS containing 109 mM KC1 (substituted for sodium chloride) served as the standard stimulus in these determinations. The strips were then incubated for 30 minutes with 0.5 /xM phenoxybenzamine (PBZ), unless indicated otherwise, which completely and irreversibly blocked the contractile response to 10 fjiM norepinephrine for the duration of the experiments. The tissues were then washed in normal PSS, and subsequent experimental protocols were carried out in the absence of PBZ. Tissues mounted in the lever apparatus (described below) were equilibrated in an identical manner.
Electrical Stimulation
Tissues were field stimulated via parallel platinum plate electrodes (7 mm x 15 mm) approximately 10 mm apart. The sine wave stimulus was provided by a function generator (Hewlett Packard Model 331OA) coupled to a power supply and amplifier (Hewlett Packard Model 6824A). On the lever apparatus or rapid freezing apparatus the stimulator was controlled by microcomputers (described below), allowing for precisely timed stimuli of short duration. After equilibration, several test stimuli were applied to establish sensitivity to tetraethylammonium (TEA; Sigma Chemical Co., St. Louis, Mo.) and responsiveness to electrical stimulation. Stimulation periods were separated by several washes in normal PSS and a return to resting forces. Near maximal responses were elicited by applied voltages of 10 V (RMS) at a frequency of 60 Hz.
Mechanical Measurements
Unloaded shortening velocity and stiffness measurements were made on tissues connected to the lever arm of a Cambridge Technology Model 300H Dual Mode Servo, which was interfaced to a Northstar Horizon computer. Details of this lever system have been previously described. 1518 Computer software (written by Dr. P.L. Becker) permitted flexible protocols designed to control muscle length and force, electrical stimulation, data acquisition rate, and data output. Unloaded shortening velocities were determined by the slack test method as described by Edman. 19 Tissues were set to 0.8 L o where passive stress was negligible and stimulated electrically. At the desired time point, the lever arm was rapidly lowered a specified distance, and the time required for detectable force redevelopment in the slack muscle was determined. The absence of passive stress on release ensured unloaded shortening and made it easier to detect the moment of active force redevelopment on the force records.
Stiffness was measured by imposing stretches of 0.08 L o at a velocity of 5.88 mm/sec (approximately 0.6 L o /sec or about tenfold maximal unloaded shortening velocities) at desired times during stimulation. Data collected during these responses were corrected for the contribution of passive elasticity as previously described. 18 Briefly, passive elasticity was estimated by stretching each muscle (as described above) at the end of the experiment after extended incubation (at least 1 hour) in several washes of Ca 2+ -free PSS containing 1-2 mM ethyleneglycol-/3-amino,N,N,N', N'-tetraacetate (EGTA). Stiffness (dS/dL) was calculated by dividing the slope (dF/dt) of a line fitted visually to the initial linear increase in the force record (< 1% L o ) by the corresponding length change (dL/dt) and normalizing for the tissue cross-sectional area. Correction for the contribution of passive elasticity and normalization of the length dimension in units of L o resulted in the plotted parameter termed active stiffness (dStress(S)/dL o ).
Myosin Light Chain Phosphorylation
Tissues were frozen during a contraction by one of two methods for later analysis of myosin light chain (MLC) phosphorylation. The first method employs immersion freezing in a slurry of dry ice and acetone (-78°C). 20 This method was used in tissues stimulated for greater than 1 second. The lag time between dropping the organ bath (with cessation of electrical stimulation) and immersion in the freezing medium was approximately 0.5 second. A rapid freeze clamping apparatus was built to minimize the mechanical delay between cessation of stimulation and freezing ( Figure 1 ). The apparatus was constructed from relatively inexpensive and commercially available components. Pneumatic pistons (Bimba Manufacturing Co., Monee, 111.), solenoid valves (Versa Products Co., Inc., Englewood, N.J.), and hardware that controlled bath lowering and freezing head motion were rated for use up to 150 psi and operated at 100 psi. A 10-V power supply triggered the solenoids, firing the pistons. Removable freezing heads were machined from 1 -inch aluminum bar stock and mounted on horizontally opposed pistons. A water-jacketed organ bath (4 ml) containing platinum plate electrodes was machined from plexiglass and mounted with a cushion on a vertical bidirectional piston. The bottom of each muscle was crimped and glued (cyanoacrylate) in a tube (1.6 mm diameter) of rolled aluminum foil that was attached to a micrometer as shown in Figure 1 (inset). The top of the muscle was attached in a similar manner to a Grass FT.03C force displacement transducer. On freeze clamping, the aluminum foil was compressed with the tissue forming a wafer 100-150 yum thick.
Tissues were first mounted in the foil clamps, equilibrated, set to L o , and treated with PBZ in the standard 8-channel organ chamber apparatus as described . Schematic representation of the apparatus for critically timed rapid freezing of muscle strips. The inset details the method for attaching the muscle to the apparatus. Refer to the "Materials and Methods" for a complete description.
Inset above. They were then transferred individually to the rapid freezing apparatus and reset to L o prior to exposure to TEA (10 minutes) and a test stimulus of 10 seconds duration. Following washout and a return to resting tension, the tissues were reequilibrated with TEA. Immediately prior to the test stimulus, the freezing heads precooled in liquid nitrogen (-196°C) were mounted on the horizontal pistons. Following freeze clamping, the frozen tissue wafer was dropped into a slurry of dry ice and acetone and processed like the tissues frozen by immersion. An inexpensive microcomputer (Commodore VIC 20) was interfaced to the apparatus and programmed to operate the pistons and the stimulator with specified delays. A mechanical safety switch was installed to prevent firing of the freezing pistons until the lower piston and bath cleared the freezing pistons. Operating in this manner, the tissues were clamped 35 ± 1 milliseconds (n = 5) after cessation of the electrical stimulus (the time at which the bath and electrodes cleared the tissue). As indicated by the 1-millisecond SEM, freezing times were highly reproducible. This minimum mechanical delay could be shortened further by increasing the operating pressure of the system, inactivating the safety switch, and programming the freezing pistons to fire earlier.
Statistics
Unpaired and paired Student's / tests were used for comparing the means between 2 groups of tissues or 2 treatments. A p value of 0.05 or less was considered statistically significant.
Results
Stresses developed in response to electrical field stimulation for 30 seconds are compared in Figure 2 to stresses developed after depolarization in PSS containing 109 mM K + . In the absence of any treatments, field stimulation produced an average of 95% of the stress developed in response to K + -depolarization, in agreement with Herlihy and Murphy. 21 Pretreatment with 0.5 /AM of the irreversible a-adrenergic antagonist PBZ for 30 minutes resulted in a small (15%) but statistically significant inhibition of the potassium chloride response. This result suggests that a component of the potassium chloride response was mediated by endogenous norepinephrine or that PBZ has nonspecific effects on smooth muscle responsiveness. The same pretreatment inhibited by 58% stress developed on field stimulation, indicating that most of the response was due to endogenous norepinephrine released from adrenergic nerve endings.
Addition of TEA for 15 minutes prior to and during electrical stimulation in the PBZ-pretreated preparations resulted in an increase in the contractile response . Active stress development in tissues activated by depolarization (n = 12) or by field stimulation (n = 6-12) under various conditions. Phenoxybenzamine (PBZ; 0.5 fxM) was added during a 30-minute preincubation, followed by washout in the indicated tissues. Tetraethylammonium (TEA) at a concentration of I or 5 mM was added for 10 minutes prior to and during stimulation in the designated groups. The crosshatched area in each bar indicates the prestimulus active stress after any pretreatments (tone). * p<0.05 compared to no pretreatment; ** p<0.05 compared to PBZ-pretreated tissues in the absence of TEA. to a given level of electrical field stimulation ( Figure  2 ). This effect was dose-dependent in each tissue, and the threshold for the effect varied between 1 and 10 mM TEA in different preparations. Therefore, in most experiments 5 or 10 mM TEA was used. TEA (5 mM) caused small but significant increases in resting tension from 0.12 ±0.01 X 10 5 N/m 2 (untreated) to 0.21 ±0.05 x 10 5 N/m 2 (p<0.05 by paired / test; n = 12). However, the magnitude of this effect varied considerably in different groups of tissues. Higher concentrations of TEA (10-30 mM) elicited tonic contractions similar in magnitude to those produced by 109 mM K + . These concentrations of TEA also frequently induced oscillations in force superimposed on the slowly developing tonic response. Maximal responses to field stimulation in TEA and PBZ treated strips were obtained with 10-20 V at 60 Hz (Figure 3 ). Verapamil pretreatment reduced the stress developed in response to TEA alone (time = 0; Figure 3 ) and greatly reduced the response to electrical stimulation. TEA and field stimulated responses were eliminated in tissues incubated for 30 minutes in "0" Ca 2+ PSS containing 1 mM EGTA.
The rates of stress development and MLC-phosphorylation in PBZ-and TEA-treated strips stimulated electrically are shown in Figure 4 . The force response exhibited a latency of 0.34 ± 0.02 second (;? = 17), rose rapidly over the first 5 seconds, then more slowly over at least 60 seconds. Time points beyond 60 seconds were not routinely analyzed due to potential adverse effects of continuous electrical stimulation such as heating or generation of free radicals. 22 In one series of experiments ^ = 12 from 4 arteries), addition of 0.5 mM ascorbic acid to the PSS had no significant effect on the contractile responses elicited by 30 seconds of electrical stimulation in the presence of 5 mM TEA (1.52 ± 0.13 x 10 5 N/m 2 vs. a control value of 1.41 ± 0.15 x 10 3 N/m 2 ). This suggested that generation of inhibitory free radicals was not a significant problem. In some preparations, the biphasic nature of the response was very clear with plateaus apparent between 5-10 seconds of stimulation. Based on a maximal first phase response obtained at 7 seconds, the estimated half-time for initial rapid force development was approximately 3 seconds.
On stimulation, the first statistically significant increase in myosin phosphorylation over resting values was observed at 0.25 second (Figure 4) . Peak values were attained in 2 seconds. Assuming a net increase in MLC-phosphorylation of 47%, the half-time for phosphorylation can be estimated to be approximately 1 second. Myosin phosphorylation fell significantly between 5 and 10 seconds to a constant value for up to 60 seconds.
The highest unloaded shortening velocity we have ever observed in the swine carotid artery was measured Figure 7) were also made. Table I. after 0.5 second of stimulation ( Figure 5 ; Table 1 ). V us fell significantly between 0.5 and 1 second to a plateau and decreased further between 10 and 30 seconds (Table 1). Values of V us beyond 30 seconds could not be reliably determined because shortening rates were very low and the time for force reappearance was too gradual to allow accurate quantitation of the slack time. The stable V us of approximately 0.045 L o /sec observed between 1 and 10 seconds is comparable in magnitude to optimal velocities estimated in strips depolarized by 109 mM K + for 1 minute. 5 The V us observed here at 30 seconds (0.022 L 0 /sec) is approaching steady-state values of V o observed during the "latch state" in tissues depolarized by K + , 518 It should be pointed out that V us represents an average velocity over the time course of the measurement. In the case of the 0.5-second time point, the measurements were made between 0.5 and 2.0 seconds and thus have a low time resolution. The extrapolated change in length required to produce zero force during a slack test ( Figure 5B ) is purported to reflect the extension of the series elastic element (SEC) at any given time." Values for the SEC extension are summarized in Table 1 . SEC extension increased with a time course paralleling stress development.
Muscle stiffness was determined at various times by applying 0.08 L o quick stretches (5.88 mm/sec or approximately 0.6 L 0 /sec; Figure 6 ). Stretches on unstimulated muscles or on muscles stimulated for brief periods and in which small amounts of active stress had developed resulted in curvilinear stretch responses. As stress development in response to activation progressed, the responses to stretch became more linear. At higher levels of developed stress, the stretch responses were clearly biphasic and exhibited yielding. Active muscle stiffness, calculated from the stretch response, rose with a time course that closely paralleled active stress development. The parallel time courses of active stiffness and developed stress were reflected in a strong linear correlation between these parameters (Figure 7) . Stress development and active stiffness lagged considerably behind biochemical activation measured by MLC phosphorylation.
Mathematical integration of the linear function shown in Figure 7 results in a calculated exponential series elasticity described by the following function 23 : L = 1/36.3 In (36.3 X S + 6.6) -0.052
From this it can be calculated that at a stress of 2 x 10 5 N/m 2 , which approximates the stress produced by K +depolarization, the series elastic element extension would be 0.068 L o . After 10 seconds of electrical stimulation, active stress was 0.9 X 10 5 N/m 2 (Figure 4) . Based on the muscle stiffness, SEC extension would be calculated to be 0.049 L o . This is significantly lower than the SEC extension after 10 seconds of stimulation of 0.103 L o determined from the slack test measurements (Table 1 ).
Discussion
The relative lack of excitability in arterial smooth muscle may be due to high rectifying K + conductances in response to depolarization or Ca 2+ influx. 24 TEA ion has been shown in electrophysiological experiments to reduce these K + conductances. 24 Addition of TEA in millimolar concentrations to various vascular and nonvascular smooth muscles causes depolarization and in some cases action potentials (carried by Ca 2+ ) and phasic contractions. 24 " 26 TEA was also reported to potentiate the responses to contractile agonists. 27 -28 In our swine carotid preparation, TEA can produce tonic contractions and often oscillatory contractile activity (not shown). Much of this contractile activity could be suppressed by blocking the actions of endogenous norepinephrine. This propagated electrical and mechanical activity, and potentiation of electrically induced contractions (discussed below), which were observed in response to TEA addition, are consistent 0 05 10 Active Stress (x 10 > N/m>) FIGURE 7 . Correlation between active stress and active stiffness in a group of 4 tissues after PBZ and TEA pretreatment with varying periods of field stimulation. A significant linear relation (r = 0.95) was observed. These same active stresses grouped according to stimulus duration are plotted in Figure 4 .
with their known actions of decreasing K + conductance, increasing Ca 2+ conductance, 24 and increasing cell-to-cell coupling. 29 The inhibitory effects of the aadrenergic antagonist PBZ that were observed are consistent with earlier findings using this preparation and inhibitors of norepinephrine release from nerve endings during electrical stimulation. 21 Concentrations of TEA (1-10 mM), which had relatively small direct contractile effects in PBZ-treated muscle strips, significantly potentiated the contractile response to electrical stimulation ( Figure 2 ). However, even in the presence of TEA maximal forces after 30 seconds of stimulation were much below the maximum active stress that can be elicited (4 X 10 5 N/m 2 ; Dillon and Murphy 30 ), indicating incomplete activation. This could be due to partial activation of all the cells in the tissue or complete activation of a fraction of the cells with the remainder being refractory to electrical stimulation. Unlike agonists such as norepinephrine or histamine, direct electrical stimulation under these conditions appears to be almost completely dependent on extracellular calcium as evidenced by complete abolition of any response in 0 Ca PSS (data not shown) and nearly complete blockade of the response by the Ca-channel antagonist verapamil (Figure 3 ).
Electrical stimulation under conditions of endogenous neurotransmitter blockade and increased excitability by addition of TEA provides a mode of activation that is uncomplicated by agonist diffusion or by agonist specific effects related to Ca 2+ handling. For the purposes of studying rates of activation, this preparation may be comparable to electrically excitable smooth muscles such as the teniae coli. nn Our preparation is different from preparations such as the trachea, where much of the electrically stimulated response is due to endogenous neurotransmitter (acetylcholine) release. 1316 - 31 In those instances where agonist diffusion is no longer a factor, myosin light chain phosphorylation or the rate of Ca 2+ mobilization may be limiting in the activation process.
The first statistically significant elevation in MLCphosphorylation was observed at the 0.5-second point. Limited data suggested that MLC phosphorylation is increased in some tissues at 0.25 second. Thus, the onset of MLC phosphorylation is comparable to the onset of active force development (0.34 second). Peak phosphorylation was reached by 2 seconds and then maintained before falling significantly between 5 and 10 seconds. Like the teniae coli' 2 and bovine trachea, 1516 the full development of biochemical activation as measured by myosin light chain phosphorylation precedes force development (Figure 4 ). However, peak phosphorylation levels were attained more rapidly in the carotid (54% in 2 seconds, Figure 4 ) than in the trachealis (65% in 5 seconds, Kamm and Stull' 5 ) or the teniae coli (31% in 5 seconds at 21°C, Butler et al 12 ).
It is difficult to obtain an accurate estimate of the unloaded shortening velocity under conditions when force is not at a steady state. V o determinations by the quick release method under these conditions are compromised by uncertainties in load, 10 and unloaded shortening velocities have low time resolution relative to the rate of biochemical activation ( Figure 5 ). Furthermore, the velocity data in this study were collected at an initial length of 0.8% L o . Even with this imprecision, it is apparent that high levels of V Ui develop rapidly between 0.5 and 2 seconds of electrical stimulation, when MLC-phosphorylation is increasing. The decrease in velocity with constant MLC-phosphorylation between 10 and 30 seconds of electrical stimulation is noteworthy. This result is in contrast to electrically stimulated bovine trachea 15 and potassium chloride or agonist activated swine carotid 5 " 7 where V o and MLC phosphorylation fall from peak values during stimulation at the same rate. It seems possible that time-related effects, independent of MLC phosphorylation, can influence V us . Such an effect could be the appearance of an internal load in the form of latchbridges. Another factor may be related to length-dependent inactivation effects incurred as a consequence of the V U5 measurement. 32 This effect was reported to increase in magnitude with duration of stimulation.
The rise in force and stiffness appeared biphasic with a rapid phase lasting for 5-10 seconds followed by a much slower increase over the next 50 seconds. The half-time for force development during the first phase of the tetanus can be estimated to be 3 seconds. This lag in force development relative to myosin phosphorylation (T o 5 = 1 second) may be explained by the presence of a large series elasticity. A series elastic compliance of 6-8% L o at 2 X 10 5 N/m 2 was estimated by different techniques in this tissue. 1833 Using similar values of compliance, estimates of V o approximating those observed in this study, and assuming instantaneous activation, the times for 50 and 99% maximal force development in swine carotid artery was calcu-lated to be 1.1 and 4.0 seconds, respectively. 10 Given the fact that activation is not instantaneous, these estimates are consistent with our observed rates for the jnitial rapid force development.
At forces of approximately 0.5 to 0.7 S o , the series elasticity was estimated to be 12% L o by the slack test method. In contract, the series elasticity estimated by mathematical integration of the stiffness/stress relation shown in Figure 7 is only 6.8% at S o . Other investigators using the slack test technique have noted similarly large compliances in smooth muscle relative to those determined by other techniques. 32 -34 A recent report of length-dependent inactivation in smooth muscle 32 suggests a mechanism whereby the slack test may underestimate true V o and overestimate series elasticity.
The parallel rise in stress and stiffness that was observed is in contrast with recent results obtained in field stimulated bovine trachea where stiffness increased in parallel with MLC phosphorylation and preceded stress development. 16 The differences may be attributed to different smooth muscle preparations with different series elasticities or to different techniques for measuring stiffness. If the series elasticity that is measured is associated with the crossbridge itself, then stiffness should closely reflect the number of attached crossbridges. However, based on the magnitude of the series elasticity in our preparation (6-8% L o at S o ) and the observed lag between biochemical and mechanical activation (as measured by stress or stiffness), it seems likely that the locus of the elasticity that we detect must be predominantly external to the crossbridge. If this is true, the stiffness of the muscles and developed stress at any point in time would only reflect the extension of the series elastic element. Since extension is a function not only of the number of active crossbridges but also their cycling rates and duration of activation, neither stress nor stiffness will simply reflect the number of activated crossbridges under nonsteady-state conditions.
In conclusion, direct electrical stimulation of arterial smooth muscle in the presence of TEA provides a mode of activation that is uncomplicated by agonist diffusion. Using this stimulus, we have found that activation in swine carotid media, assessed biochemically by measuring MLC phosphorylation, proceeds very rapidly with a half-time of approximately 1 second. Mechanical activation assessed by stress development or stiffness lags, due at least in part to a large compliant series elasticity as postulated by Gordon and Seigman" in a mechanical analysis of teniae coli. With longer periods of stimulation (> 10 seconds), during which time constant levels of MLC phosphorylation are observed, slow increases in developed stress and a decrease in unloaded shortening velocity may reflect the appearance of more slowly cycling crossbridges or "latchbridges." If this is true, the appearance of latchbridges is also a relatively rapid process compared to agonist activation, which is diffusion limited. This preparation may prove useful in establishing the relations between intracellular [Ca 2+ ] and various biochemical and mechanical indices of cellular activation.
